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Objective: In acute traumatic bleeding, permissive arterial hypotension with delayed volume resuscitation is an established
lifesaving concept as abridge to surgical control. This study investigated whether preoperatively administered volume also
correlated inversely with survival after ruptured abdominal aortic aneurysm (rAAA).
Methods: This retrospective study analyzed prospectively collected and validated data of a consecutive cohort of patients
with rAAAs (January 2001 to December 2010). Generally, ﬂuid resuscitation was guided clinically by the patient’s blood
pressure and consciousness. All intravenous ﬂuids (crystalloids, colloids, and blood products) administered before aortic
clamping or endovascular sealing were abstracted from paramedic and anesthesia documentation and normalized to speed
of administration (liters per hour). Logistic regression modeling, adjusted for suspected confounding covariates, was used
to investigate whether total volume was independently associated with risk of death within 30 days of rAAA repair.
Results: A total of 248 patients with rAAAs were analyzed, of whom 237 (96%) underwent open repair. A median of 0.91
L of total volume per hour (interquartile range, 0.54-1.50 L/h) had been administered preoperatively to these patients.
The postoperative 30-day mortality rate was 15.3% (38 deaths). The preoperative rate of ﬂuid infusion correlated with
30-day mortality after adjustment for confounding factors, and the association persisted robustly through sensitivity
analyses: each additional liter per hour increased the odds of perioperative death by 1.57-fold (95% conﬁdence interval,
1.06-2.33; P [ .026).
Conclusions: Aggressive volume resuscitation of patients with rAAAs before proximal aortic control predicted an increased
perioperative risk of death, which was independent of systolic blood pressure. Therefore, volume resuscitation should be
delayed until surgical control of bleeding is achieved. (J Vasc Surg 2013;57:943-50.)Rupture of an abdominal aortic aneurysm (AAA) is
a catastrophic event with an estimated overall mortality
between 60% and 80%.1 Endovascular ruptured AAA
(rAAA) repair was advocated as the most effective method
for reducing surgical rAAA mortality when meta-analyses
suggested a reduction of 30-day mortality to 20%.2
However, recent studies indicated that this effect, in fact,
may be largely attributed to patient selection rather than
the method of repair.3,4 Thus, complementary therapeutic
concepts are needed to improve the overall prognosis of
rAAA independently of the method of repair.3
Trauma series4,5 and experimental animal studies6-10
have shown that permissive arterial hypotension with
delayed volume resuscitation is protective in hemorrhagic
shock until surgical control of bleeding is achieved. Thethe Department of Cardiovascular Surgery, Swiss Cardiovascular
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://dx.doi.org/10.1016/j.jvs.2012.09.072efﬁcacy of the concept is biologically plausible and has
been conﬁrmed during recent armed conﬂicts.11 Large
volumes of intravenous ﬂuids increase the transmural arte-
rial pressure, promoting further blood loss and loss of coag-
ulation factors,6 which in turn results in hemodilution and
coagulopathy and eventually impairs crucial retroperitoneal
tamponade.12 The vicious circle is further fueled by associ-
ated hypothermia and acidosis, both of which promote
capillary leak and third-space expansion.13,14
In contrast to the widely accepted concept of permissive
hypotension and despite convincing hypothetical beneﬁts,
clinical evidence for an independent effect of volume restric-
tion during preoperative resuscitation of rAAAs is limited.
Crawford15 based his classic recommendation to “minimize
volume replacement until the aorta is clamped” on physio-
logic plausibility, lessons learned during the Second World
War and from personal experience. Hardman et al16 proved
the detrimental effect of hemodilution indirectly, showing
that low preoperative hemoglobin levels independently pre-
dicted impaired survival. Moreover, the preferred type of
initial nonsanguineous volume replacement has remained
controversial.17
The present study investigated the hypothesis that
aggressiveness and type of preoperative ﬂuid resuscitation
correlated inversely with postoperative survival after rAAA,
both independently from other management-related factors
and from the patient risk proﬁle.943
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Study setting and patients. The study was performed
at a tertiary vascular surgery referral center in Switzerland
that manages about 25% of the country’s registered
rAAAs.18 In 2001, a prospective registry of all patients pre-
senting with rAAAs was instigated to evaluate surgical
outcomes. In the present study, a full decade up to
December 2010 was assessed. Inclusion criteria and valida-
tion of consecutive completeness were described previ-
ously.19 In brief, all types of rAAAs were captured, including
true, false, and mycotic aneurysms at the pararenal or
infrarenal aortic and/or iliac level. Rupture was deﬁned as
the presence of blood (or contrast medium) outside the
aortic wall in an emergently presenting patient.20 Although
no speciﬁc written protocol existed, according to institu-
tional standards, a strategy of low-volume resuscitation
accepting limited periods of systolic hypotension at 60 to
70 mm Hg was generally attempted in all patients as long
as they remained conscious. Accordant recommendations
were regularly given to preoperative caregivers and afﬁliated
hospitals. Patients were offered open or endovascular repair
at the discretion of the attending vascular surgeon.
All patients or their relatives provided written informed
consent for inclusion into the cohort study as well as for
anonymous analyses,19 and ethical approval for the present
investigation was granted by the local ethics committee.
Study design. The main analysis focused on the hy-
pothesized independent association between intravenous
volume given before proximal aortic control and periopera-
tive mortality. Secondary analyses explored the relative roles
of colloid ﬂuids and crystalloids, respectively, and whether
associations were sustained during follow-up. The effect
of the actually obtained blood pressure was only considered
as a potential confounder. Of note, amount and rate of
volume administration were not compared between two
distinct study groups undergoing different resuscitation
strategies, but the study investigated the predictor in
continuous format across the entire range of obtained
values. Therefore, ﬁndings represent the clinical practice of
a decade across the entire study population. Thereby, the
total intravenous volume used for preoperative patient
resuscitation (ie, until either aortic clamping or endovas-
cular seal), including crystalloids, colloids, and blood
products, was abstracted from paramedic (ie, prehospital)
and anesthesia protocols by two independent investigators
(P.O., G.E.) and checked for consistency by a third (R.vA.).
Investigators were blinded to each other’s readings, type
of actual repair, and outcome.
To adjust for the speed of volume expansion, the total
amount of volume was normalized to the time over which
it had been administered. Primary outcome measure was
death from any cause within 30 days of ruptured aneurysm
repair. Secondary outcome measure was time to death of
any cause during follow-up. Long-term survival was esti-
mated by Kaplan-Meier curves. Crude correlations were
adjusted for suspected confounding factors using multivar-
iate regression analysis.Predictor variables and potential confounding
factors. The rate of precontrol intravenous volume resus-
citation (ie, liters per hour) and the absolute precontrol
volume were considered main predictor variables and
included all administered volumes as documented in para-
medic and anesthesia protocols. Precontrol time period was
calculated from the ﬁrst perfusion of volume up to surgical
control of aortic bleeding. Other patient- and intervention-
related determinants included age, sex, body mass index,
cardiovascular comorbidities and risk factors, renal function
(ie, glomerular ﬁltration rate according to Cockcroft21),
lowest hemoglobin level documented before surgical
control of bleeding, type and conﬁguration of aneurysm,
extent of rupture (contained vs intraperitoneal bleeding),
type of repair (open vs endovascular), preoperative average
systolic blood pressure and shock index22 at admission,
core body temperature nadir, estimated blood loss during
surgery, duration of surgery, and length of hospital stay.
For assessment of blood pressure, precontrol time was
divided into quintiles, for each of which the average systolic
pressure was estimated based on protocol readings. Quin-
tile results then were used to produce the mean precontrol
systolic blood pressure. These assessments were all per-
formed by a single observer (P.O.) and double-checked
randomly by a second (R.vA.). Suspicion of confounding
was based on established associations with both predictor
and outcome variables, biological plausibility, or inhomo-
geneous distributions at P < .1.
Data sources and management of missing values.
Most data were available from the prospective in-house
registry, which collected information on the study cohort
in real time. Hemodynamic indices were extracted from
paramedic and anesthesia protocols as described earlier.
Data were scrutinized for completeness, consistency, and
outliers before analysis. In case of missing values, alterna-
tive data sources such as hospital records were explored
before imputation was considered. In such cases, values
were replaced by appropriate subgroup medians (eg,
weight or aneurysm size per gender) as long as <10% were
missing and only if patients with and without the respective
information were similar with regard to other potential
confounders. Proportions of missing values are listed in
Tables I and II.
All patients or their relatives were contacted personally
to verify survival status 30 days after the end of the study
period (ie, as of January 2011). If contact attempts were
unsuccessful, general practitioners, health care insurers, or
municipal administrations were approached instead.
Finally, unknown dates and causes of death were double-
checked with the Swiss Federal Statistical Ofﬁce.
Statistical methods. Data were analyzed using SPSS
Statistics 17.0 for Windows (SPSS Inc, Chicago, Ill) accord-
ing to a predeﬁned analysis plan agreed upon before data
were inspected. Patients not offered aortic repair were consid-
ered for in-hospital mortality but were excluded from end
point analyses. To describe the study population and to
demonstrate general trends, patients were dichotomized into
Table I. Demographic information and preoperative characteristics of 248 patients with ruptured abdominal aortic
aneurysms (RAAAs)
Demographic Below median (n ¼ 130) Above median (n ¼ 118) P value
Male sex, n (%) 114 (88%) 107 (91%) .542a
Median age, years 74 (67-79) 73 (67-80) .981b
Body mass index, kg/m2 26.1 (24.1-28.7) 26.1 (23.8-27.9) .706b
Not available, n 9 (7%) 13 (11%) —
Comorbidities and surgical risk factors
Coronary artery disease, n, yes/no 46 (36%)/80 (64%) 48 (42%)/65 (58%) .357a
Not available 4 (3%) 5 (4%) —
Arterial hypertension, n, yes/no 109 (84%)/21 (16%) 93 (85%)/16 (15%) .858a
Not available, n 0 9 (8%) —
Current smoker, n, yes/never 43 (35%)/45 (36%) 27 (27%)/43 (42%) .264a
Ex-smoker 36 (29%) 32 (27%) —
Not available, n 6 (5%) 16 (14%) —
Chronic obstructive lung disease, n, yes/no 25 (20%)/99 (80%) 35 (33%)/72 (67%) .035a
Not available, n 6 (5%) 11 (9%) —
Diabetes mellitus, n, yes/no 15 (12%)/110 (88%) 17 (16%)/91 (84%) .449a
Not available, n 5 (4%) 10 (8%) —
Glomerular ﬁltration rate,c mL/min 57 (44-80) 59 (45-72) .629b
Proportion with chronic renal failure, n 39 (31%) 27 (26%) .382a
Not available, n 5 (4%) 12 (10%) —
Presentation at admission
Shock index, bpm/mm Hg .67 (.53-.95) .80 (.61-1.10) .014b
Not available, n 12 (9%) 3 (3%) —
Average systolic blood pressure, mm Hg 113 (95-130) 106 (88-124) .146b
Not available, n 2 (1.5%) 1 (1%) —
Lowest documented hemoglobin level, g/L 97 (80-114) 91 (76-102) .030b
Not available, n 2 (1.5%) 1 (1%) —
Patients were categorized in two groups according to the volume of precontrol intravenous ﬂuids using the median as threshold. Summary statistics are given
as absolute numbers (%) or as median (interquartile range). Monte Carlo signiﬁcance is reported for two-sided tests.a,b
aFisher exact test.
bMann-Whitney U test.
cCalculated according to Cockcroft Gault formula.
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istered total volume as threshold. Group characteristics are
described using conventional summary statistics (ie, median
with interquartile range or absolute number [percentage]).
For comparisons, continuous variables were assumed as
nonparametric. Accordingly, nonparametric tests were used
throughout. However, the main analysis did not compare
these arbitrary groups but used the natural distribution of the
predictor variable for its analysis in continuous format.
Proportions were compared using Fisher exact test.
Multiple logistic regression modeling was used to as-
sess independence of any association between main
predictor (entered in continuous format) and primary
outcome. Results are reported as crude and confounder-
adjusted odds ratio with 95% conﬁdence interval, respec-
tively (Table III). To assess midterm outcomes, Cox
regression modeling was used to express differences re-
garding time to death as hazard ratio with 95% conﬁdence
interval (Table IV). All analyses were adjusted for type of
repair and other suspected confounding factors that were
entered as covariables after testing for interactions and
colinearity. All tests were two sided, and an a level of
.05 was chosen to determine statistical signiﬁcance of
differences. A predeﬁned set of sensitivity analyses was
used to determine robustness of study ﬁndings withinthe subset of patients undergoing open rAAA repair and
over the years of treatment.
RESULTS
In total, 274 patients presented with rAAAs during the
study period. Among those patients, 24 (9%) were palliated
for various reasons (13 presented after prolonged cardio-
pulmonary resuscitation and were considered dead on
arrival, seven refused repair, and four were turned down
due to presence of other end-stage disease). Another two
patients presented twice with rAAAs and were censored
at second presentation. Therefore, 248 patients with
conﬁrmed rAAAs were analyzed eventually. Almost all
patients underwent open repair (n ¼ 237 [96%]). On
average, patients received 1.83 L of intravenous volume
before surgical control of bleeding. This corresponds to
a median volume administration of 0.91 L/h.
Tables I and II list demographic and perioperative in-
formation according to the precontrol total volume (ie, above
vs below median). There were fewer missing data in the low-
volume group, particularly with regard to smoking, arterial
hypertension, chronic obstructive lung disease, diabetes mel-
litus, and renal function. Otherwise, baseline characteristics
were similar between groups except for chronic obstructive
lung disease. Clinical presentation, however, was somewhat
Table II. Perioperative characteristics of 248 patients undergoing emergency repair of ruptured abdominal aortic
aneurysms (RAAAs)
Below median (n ¼ 130) Above median (n ¼ 118) P value
Intravenous volume before proximal aortic control
Median rate of volume administration, L/h 0.73 (0.34-0.97) 1.37 (0.75-2.10) <.001b
Crystalloid ﬂuids, L 0.44 (0.20-0.60) 0.73 (0.40-1.16) <.001b
Colloid ﬂuids, L 0.5 (0.25-0.63) 1.0 (0.55-1.46) <.001b
Median rate of colloid administration, L/h 0.26 (0.06-0.51) 0.44 (0.19-0.88) <.001b
Red blood cells, units 0 (0-1) 3 (1-4) <.001b
Fresh frozen plasma, units 0 (0-0) 0 (0-2) <.001b
Aneurysm characteristics
Maximum aneurysm diameter, mm 80 (74-91) 80 (70-87) .294a
Information not available, n 16 (12%) 13 (11%) —
Localization of ruptured aneurysm, n — — .313a
Infrarenal 80 (62%) 82 (71%) —
Para-/suprarenal 33 (26%) 23 (20%) —
Otherc 16 (12%) 10 (9%) —
Information not available, n 1 (1%) 3 (3%) —
Iliac artery involvement in aneurysm, n — — .187a
No iliac arteries involved 83 (64%) 62 (55%) —
Information not available, n 1 (1%) 6 (5%) —
Operative information
Repair strategy, n — — .001a
Open aortic repair 119 (92%) 118 (100%) —
Endovascular ruptured aneurysm repair 11 (8%) 0 —
Duration of repair, minutes 209 (170-281) 219 (169-271) .915b
Lowest intraoperative core body temperature, C 35.1 (34.5-35.6) 34.8 (34.2-35.4) .001b
Postoperative information
Stay in intensive care unit, days 2.97 (1.5-5.7) 3.48 (1.7-5.8) .445b
Hospital stay, days 12 (9-19) 12 (9-16) .530b
Patients were categorized in two groups according to the volume of precontrol intravenous ﬂuids using the median as threshold. Summary statistics are given
as absolute numbers (%) or as median (interquartile range). Monte Carlo signiﬁcance is reported for two-sided tests.a,b
aFisher exact test.
bMann-Whitney U test.
cIncludes isolated common iliac and internal iliac aneurysm.
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presented to the initial care team with a higher shock index,
whereas preoperative average systolic blood pressure was
similar in bothgroups.Ofnote, therewas nodirect correlation
betweenbloodpressure values and amount and rateof volume
administration (R2 ¼ 0.011; adjusted R2 ¼ .0068).
Composition of initial volume resuscitation is detailed
in Table II. The high-volume group received considerably
more colloids, crystalloids, and blood products including
packed red cells and fresh frozen plasma preoperatively.
In contrast, anatomic characteristics of the ruptured aneu-
rysms were very similar between the groups.
Survival status at 30 days was known for all patients.
Surgical mortality refers to 248 operated patients and was
15.3% (38 deaths within 30 days of surgery). Twenty-
four patients stayed longer than 30 days in the hospital,
and one of the patients died after 30 days while still in
the hospital. When those patients who did not undergo
surgical repair for reasons named are included, 62 of 272
patients died within 30 days of aortic rupture, correspond-
ing to an overall institutional mortality of 22.8%.
Both rate of volume resuscitation and absolute volume
administered before aortic clamping correlated positively
with 30-day mortality (Table III). Thereby, the portion of
colloids had statistically an independent effect on primaryoutcome, whereas there was no similar effect for crystalloids.
All associations were statistically independent of suspected
confounding factors. Of all suspected confounding factors,
only agehad an independent effect onperioperativemortality.
Findings remained essentially unchanged in sensitivity
analyses (ie, when patients who had undergone endovascu-
lar repair were excluded or when the year of treatment was
introduced as additional covariate). However, if volume
per hour and absolute volume were included simulta-
neously as covariates, the absolute volume lost its indepen-
dent effect in the multivariate model, whereas speed
of administration did not. Thus, the undesirable effect of
volume depended primarily on the rate of its administra-
tion. No interactions were observed between covariates.
Follow-up of surviving patients was available for
a median of 3.2 years (interquartile range, 1.1-5.4; Fig).
Actuarial survival was estimated at 81%, 71%, and 62% after
1, 3, and 5 years, respectively. Thereby, the independent
negative correlation between volume resuscitation and
survival was sustained throughout follow-up (Table IV).
DISCUSSION
The main observation of the study is that aggressive
volume resuscitation in patients with uncontrolled rAAAs
is independently associated with adverse outcome. Each
Table IV. Results of Cox regression analysis investigating the effect of volume resuscitation on long-term survival at 1, 3,
and 5 years (secondary outcome)
HR (95% CI), P value
Crude P value Primary adjusteda P value Secondary adjustedb P value
One-year mortality 1.44 (1.22; 1.70) <.001 1.45 (1.22; 1.73) <.001 1.37 (1.11; 1.69) .003
Three-year mortality 1.34 (1.1; 1.61) .002 1.35 (1.11; 1.64) .003 1.27 (1.01; 1.61) .042
Five-year mortality 1.29 (1.06; 1.56) .010 1.29 (1.05; 1.58) .014 1.21 (0.96; 1.54) .113
CI, Conﬁdence interval; HR, hazard ratio; OR, odds ratio.
Cumulative mortality was 19%, 29%, and 38% at 1, 3, and 5 years after ruptured aneurysm repair, respectively. The predictor variable (rate of precontrol intravenous
volume resuscitation) was included in continuous format such that the HR (OR) and CI indicate the change in death rate per unit increase in that variable.
aPrimary adjusted multivariate survival model factored in age, sex, body mass index, and renal function (ie, glomerular ﬁltration rate calculated according to
Cockcroft) and type of repair (open vs endovascular aortic repair).
bSecondary adjusted multivariate survival model considered all of the primary covariables but additionally factored in (as continuous variables) lowest recorded
hemoglobin level before surgery, systolic blood pressure and shock index before surgical control of bleeding, lowest recorded core body temperature, and
duration of surgery.
Table III. Results of logistic regression analysis of risk of perioperative death within 30 days of operation (primary outcome)
OR (95% CI)
Crude P value Primary adjusteda P value Secondary adjustedb P value
Volume resuscitation rate, L/h 1.75 (1.2; 2.5) .002 1.85 (1.3; 2.7) .001 1.57 (1.1; 2.3) .026
Effect of colloids, L/h 1.96 (1.1; 3.4) .018 2.46 (1.3; 4.6) .004 1.86 (1.0; 3.6) .063
Effect of crystalloids, L/h 1.76 (0.7; 4.6) .251 1.54 (0.6; 4.0) .377 1.61 (0.6; 4.4) .352
Total volume, L 1.46 (1.1; 2.0) .020 1.47 (1.1; 2.0) .022 1.33 (0.9; 1.9) .117
Effect of colloids, L 1.56 (0.9; 2.8) .144 1.92 (1.0; 3.6) .040 1.58 (0.8; 3.0) .169
Effect of crystalloids, L 0.84 (0.4; 1.7) .620 0.82 (0.4; 1.6) .566 1.05 (0.5; 2.1) .893
Included covariates
Open repair vs endovascular repair 1.50 (0.2; 12.2) .704 2.47 (0.3; 21.0) .408 2.59 (0.3; 23.5) .398
Age,c years 1.08 (1.0; 1.1) .006 1.08 (1.0; 1.1) .011
Male vs female sex 1.22 (0.4; 4.0) .748 1.24 (0.4; 4.2) .729
Body mass index,c kg/m2 1.02 (0.9; 1.1) .737 1.03 (0.9; 1.1) .624
Glomerular ﬁltration rate,c mL/min 0.99 (1.0; 1.0) .416 0.99 (0.9; 1.0) .546
Lowest documented hemoglobin level,c g/L 1.00 (1.0; 1.0) .858
Average systolic blood pressure,c mm Hg 1.00 (1.0; 1.0) .789
Shock index,c bpm/mm Hg 1.65 (0.5; 5.3) .400
Lowest intraoperative core body temperature,c C 0.81 (0.5; 1.2) .288
Duration of repair,c minutes 1.00 (1.0; 1.0) .371
CI, Conﬁdence interval; OR, odds ratio.
Overall 30-day mortality was 15.3%.
aPrimary adjusted multivariate model factored in age, sex, body mass index, and renal function (ie, glomerular ﬁltration rate calculated according to Cockcroft)
and type of repair (open vs endovascular aortic repair).
bSecondary adjusted multivariate model considered all of the primary covariables but additionally factored in the lowest recorded hemoglobin level before
surgery, systolic blood pressure and shock index before surgical control of bleeding, lowest recorded body temperature, and duration of surgery.
Predictor variables (precontrol volumes) and ccovariates were included in continuous format such that the OR and CI indicate the change in death rate per unit
increase in that variable.
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increased the relative perioperative risk to die by 60%.
This effect was independent of the method of repair, was
robust across sensitivity analyses, and persisted through
statistical adjustments for potential confounding factors.
Moreover, it reﬂects clinical reality, as the predictor variable
was analyzed across a wide range of values that occurred
due to natural variations in clinical practice. Thus, volume
restriction should be considered a potentially important
management approach to improve the overall prognosis
of patients with rAAAs.
Delayed volume resuscitation and permissive arterial
hypotension are two complementary concepts that at ﬁrstmay seem counterintuitive in a shocked patient. Commonly,
rescue chains are trained to follow the initial reﬂex of admin-
istering large intravenous volumes until arterial blood pres-
sure is restored or at least stabilized.23 However, as long as
ongoing hemorrhage is not controlled, this may, in fact,
aggravate the patient’s condition.15 In contrast, implemen-
tation of controlled hypotension appeared to be safe in
patients with suspected rAAAs in the Acute Endovascular
Treatment to Improve Outcome of Ruptured Aorto-iliac
Aneurysms trial, where very few patients died due to the
volume restriction strategy.24
The harmful effect of restored arterial pressure during
uncontrolled bleeding has been established in experimental
1083 AAA procedures 
(01/2001 – 12/2012) 
274 ruptured AAA 
248 AAA analyzed 
834 non-ruptured AAA 
24 patients turned down 
 11 patient refusal 
 13 dead on admission 
2 excluded 
 secondary ruptures 
survived 30 days: n=210 
0 1 2 3 4 5 6 7 8 9 10 
follow up (years) 
Fig. Study design and patient ﬂow through identiﬁcation, selection, and analysis. Horizontal box plot displays median
(interquartile range) of available follow-up. AAA, Abdominal aortic aneurysm.
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ulation and tamponade, increased transmural pressure at
the bleeding site may dislodge thrombotic plugs. However,
the preferred upper arterial pressure limit for rAAAs is still
unknown. In (usually young and ﬁt) trauma patients, even
very low systolic pressure levels are accepted as long as
patients remain conscious and a radial pulse is palpable.11
Clearly, in rAAA patients, the target level of arterial hypo-
tension will depend on additional factors, including the
patient’s state of consciousness and comorbidities. Consis-
tent with previous recommendations,15 systolic pressures of
60 to 70 mm Hg were used to guide volume management,
and in conscious patients, even lower arterial pressures were
tolerated. Of note, the available data regarding blood pres-
sure do not allow one to conclude whether or not permis-
sive hypotension was reached in all patients in this series.
Therefore, the ﬁndings of the present study suggest an
adverse volume load effect that is independent of permis-
sive hypotension, even though patients with higher shock
indices may have received larger volumes.
An obvious such adverse effect of nonsanguineous
volume resuscitation is hemodilution and dilutionalcoagulopathy, which aggravates consumption of clotting
factors due to retroperitoneal tamponade. In contrast to
major tissue trauma, where disseminated intravascular coag-
ulation develops independently of resuscitation strategy,13
disseminated intravascular coagulation is uncommon in
rAAAs. Thus, initial correction of coagulopathy consists
primarily of prevention of hemodilution and maintenance
of hemostatic competence. In addition, aggressive treatment
of coagulopathy using fresh frozen plasma and coagulation
factors appears to be beneﬁcial in this context and has been
advocated by some authors as soon as the patient reaches
the hospital.25 The overriding goal thereby is to avoid the
deadly triad of acidosis, hypothermia, and coagulopathy,
which triggers a vicious circle that cannot be interrupted
unless bleeding is controlled rapidly.26 In the present study,
reduced speed of volume administration seemed more
important than the absolute volume administered, which
may accumulate over time.
There are two fundamental options for initial volume
replacement therapy in shocked patients, including crystal-
loid and colloid ﬂuids, respectively. Their relative role is
still controversial because both have different physical,
JOURNAL OF VASCULAR SURGERY
Volume 57, Number 4 Dick et al 949chemical, and physiological characteristics.27 Colloid ﬂuids
have been very popular because they are thought generally
to remain longer in the intravascular space than crystalloids,
thereby avoiding early third-space expansion. However,
potential adverse effects to colloids include coating and
impaired ﬁbrinogen polymerization, which in turn may
aggravate coagulopathy.28 Studies that negated such side
effects to be clinically relevant in major bleeding were
recently exposed to be fabricated; therefore, concerns
about safety and efﬁcacy of colloids have been raised again
recently.29 In the present series of rAAA patients, both rate
of colloid administration and total colloid volume corre-
lated with 30-day mortality. These ﬁndings corroborate
earlier suspicions of adverse colloid effects, which are in
marked contrast to crystalloids that did not seem to have
similar disadvantages.
In general, transfusion protocols that restrict or mini-
mize hemodilution have been recommended in patients
with hemorrhagic shock.25,30 A so-called “damage control
resuscitation concept” emerged in 2005 on battleﬁelds,
which aims at preventing coagulopathy by permissive hypo-
tension and the preferred use of plasma and platelets
instead of crystalloids. Cotton et al30 described a clear
survival beneﬁt in patients treated in line with this regimen.
Similar considerations should logically apply to rAAAs.
However, as seen in the present study performed in
a civilian context and with high priority given to transfusion
safety, blood products to replace lost volume and coagula-
tion potential may be of limited availability during the
preoperative period but certainly are available after surgical
control of bleeding.
There are obvious limitations to the present study,
which was prospective and observational but analyzed
data post hoc. Thus, observed associations do not neces-
sarily imply causality and correlations only apply to the
investigated range of administered volumes, which may
have been limited by our institutional standards stipulating
low-volume resuscitation in principle. Moreover, a time-
dependent learning effect of the preoperative caregivers
possibly leading to more efforts to adhere to a low-
volume resuscitation strategy in the later years of the study
cannot be excluded. However, there are good reasons to
suspect a causative relationship nonetheless: chronology
and local connection between potential cause and effect
were given, biological plausibility is robust, and effects
were maintained throughout statistical adjustment for sus-
pected confounders and sensitivity analyses. The vast
majority of patients (97%) underwent open repair. Thus,
whether the ﬁndings are truly applicable to the increasing
number of patients receiving endovascular repair for
rAAA remains unclear. Nevertheless, the beneﬁcial effects
of delayed volume resuscitation theoretically should be
consistent with any method of repair. In addition, volume
resuscitation occurs mostly before surgical decision
making. Therefore, optimized strategies are potentially
important for every patient. Lastly, although information
was collected prospectively, some datasets were incom-
plete. Because such information is unlikely to be missingat random in emergency situations, data were imputed to
prevent unfair exclusion of cases. Therefore, a conservative
imputation strategy such as the one used was considered to
introduce less bias.19
CONCLUSIONS
In patients with rAAAs, aggressive volume resuscitation
before proximal aortic control was independently asso-
ciated with increased risk of perioperative death. This
suggests that in patients with rAAAs, volume resuscitation
should be restrictive, not only to reduce bleeding pressure
but also dilutional and consumptive coagulopathy until
hemorrhage is controlled surgically.
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